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(57) ABSTRACT 

The present invention provides a system 10 for irradiating a 
breast 20 of apatient 22. The system 10 comprises a gantry 12 
rotatable about a horizontal axis 14 and comprising a radia 
tion source 16 for generating a radiation beam 18 and a 
detector 24 spaced from the radiation source 16, and a barrier 
26 disposed between the patient 22 and the gantry 12. The 
barrier 26 is provided with an opening 30 adapted to allow a 
breast 20 passing therethrough to be exposed to the radiation 
beam 18. In some embodiments, the barrier 26 is provided 
with an opening 30 adapted to allow both the breast 20 and the 
tissue leading from the breast to axilla and the muscle tissue 
of the adjacent chest wall passing therethrough to be exposed 
to the radiation beam 18. 
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SYSTEMAND METHOD FOR MAGING AND 
TREATMENT OF TUMIOROUSTISSUEN 

BREASTS USING COMPUTED 
TOMOGRAPHY AND RADIOTHERAPY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation application of U.S. patent applica 
tion Ser. No. 1 1/134,695 filed May 20, 2005, the disclosure of 
which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

This invention relates generally to a system and method of 
providing radiation imaging and/or treatment and in particu 
lar, to a system and method for imaging and treatment of 
tumorous tissue in breasts using computed tomography (CT) 
and radiotherapy. 

BACKGROUND 

Radiological evaluation of breasts is important not only for 
early detection of disease in breasts, but also for staging, 
treatment targeting and monitoring responses to treatment. 
Conventional X-ray mammography has been shown a cost 
effective tool for early detection of breast cancer. In conven 
tional X-ray mammography, a breast is positioned on a plat 
form and compressed with plastic plates. The breast is 
compressed in order to even out the breast thickness So that 
the correct dose of X-rays can be delivered for clear images 
without over exposure in thinner regions and under exposure 
in thicker regions and also to spread out the tissue to reduce 
the likelihood of obscuring benign and malignant lesions at 
different tissue levels. Two images of the breast, medio-lat 
eral oblique (MLO) and cranio-caudal (CC), are typically 
made at an oblique angle to each other to increase the likeli 
hood of seeing features in the breast that are not recognizable 
from one direction, but which may be discemable in another 
direction. 
The predictive value and specificity of X-ray mammogra 

phy remain limited however, due to projecting a three-dimen 
sional object into a two-dimensional image and due to poor 
contrast detectability. Incorrectly diagnosing malignant tis 
Sue as healthy can result in missing cancers in their early 
stages while incorrectly diagnosing healthy tissue as malig 
nant can lead to unnecessary Surgical procedures. In indeter 
minate cases, biopsy is often necessary, despite the disadvan 
tages of high cost and the stress imposed on patients. 
Cone beam CT systems have been used to provide three 

dimensional images of uncompressed breasts of patients. In 
cone beam CT, a patient lies in a prone position on a couch 
having a hole in it. The patient’s breast extends down through 
this hole and a cone beam CT machine rotates around it about 
a vertical axis of rotation. This system has minimal radiation 
dose to the rest of the patient’s body (including the heart and 
lungs) since only the breast itself is exposed to the radiation 
beam. One limitation of this type of system is that it only 
images the breast itself without providing image information 
on the important soft tissue between the breast and the axilla 
(arm pit) where primary breast lesions often spread to infect 
lymph nodes in this region. Another limitation is that it cannot 
make immediate use of widely available CT gantry systems 
and external beam radiotherapy systems, which primarily 
have axes of rotation that are horizontal. 

Spiral CT scanners have been used to produce images of 
breasts and Surrounding tissues. In spiral CT, a patient lies on 
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a couch, which is moved into a gantry where a radiation 
Source rotates many revolutions about a horizontal axis of 
rotation to produce the spiral. Since the radiation source is 
always pointed directly at the patient as it moves around, all 
the tissue of the chest adjacent to the breasts is exposed to the 
radiation beam from multiple directions to produce continu 
ous flow of images in relative short period of time. One 
limitation of this type of system is that it scans not only the 
target breast and Surrounding soft tissue, but also simulta 
neously exposes the heart, lungs and other body parts to 
unnecessary radiation. 

Accordingly, there is a need for an improved system and 
method for computed tomography of breasts and radio 
therapy of tumorous tissues in breasts. 

SUMMARY OF THE INVENTION 

The present invention provides a system and a method 
useful in cone beam computed tomography and radiotherapy. 
In Some embodiments, the present invention provides a struc 
ture for use in irradiating a portion of a body in a gantry. The 
structure is adapted to be positioned between the body and at 
least a portion of a radiation beam and provided with an 
opening adapted to allow a portion of the body passing there 
through to be exposed to the radiation beam. The structure can 
perform one or more functions of a radiation barrier, a physi 
cal barrier, a Support, a positioning device and an immobili 
Zation device for use in irradiating, for example, a breast of a 
patient in a gantry. In some embodiments, the structure is in 
the form of a barrier. In the present specification, numerous 
embodiments are illustrated with a structure referred to as a 
barrier, which may function, for example, as a barrier to 
radiation or a barrier between a patient area and moving parts 
of the equipment. It will be appreciated that in each of these 
embodiments, if desired the structure may or may not com 
prise a barrier and may or may not perform different or 
additional functions. The barrier can be positioned between 
the patient and the gantry so that the patient can rest against it 
and is Supported. In some embodiments, the barrier com 
prises a material that absorbs the non-breast-irradiating part 
of the radiation beam to protect the healthy parts of the body 
from unnecessary irradiation. In some embodiments, the bar 
rier functions to physically prevent collision between any 
parts of the patients anatomy with moving parts of the gantry. 
The barrier is provided with an opening adapted to allow a 
breast passing therethrough to be exposed to the radiation 
beam. In some embodiments, the barrier is provided with an 
opening adapted to allow both the breast and the axillary 
extension of the breast to be exposed to the radiation beam. As 
used herein, an axillary extension of a breast refers to any soft 
tissues leading from the breast to the axilla or armpit. In 
several embodiments, an opening for e.g. a breast and an 
opening for e.g. an arm are described. It will be appreciated 
that as used herein, Such description may comprise a single 
opening adapted to allow both to pass through. Thus, for 
example, a first opening and a second opening as used herein 
may refer to a single opening as well as to a plurality of 
openings. 

In some embodiments, a holder can be attached to the 
barrier for supporting the breast. The holder can be a hollow 
cylinder and comprise an end cap that is removable to facili 
tate positioning of the breast in the holder. The hollow cylin 
der can be provided with a vacuum line for evacuating the 
holder so that the breast can be more completely drawn into 
and stabilized in the hollow cylinder. A soft gasket can be 
provided to vacuum seal the breast in the cylinder. 
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In some embodiments, the barrier is provided with a plu 
rality of holes Surrounding the opening area for preventing 
formation of vacuum in a region beyond the breast. 

In some embodiments, the holder is an open ledge that 
supports the breast from below with no vacuum environment. 
This Support ledge can be a simple flat surface oriented hori 
Zontally or at Some Small angle (e.g. 5 to 30 degrees) to the 
horizontal. In some embodiments, this open ledge has the 
curved shape of a half cup. In some embodiments, this ledge 
is a combination of flat and curved surfaces. In some embodi 
ments the breast support is a flexible material that provides 
positioning and immobilization much like that of a brassiere. 
The barrier can be in the shape of a cone, partial spheroid, 

many faceted pyramid or any arbitrary combination of flat 
and/or curved surfaces that Support and/or protect the patient 
while allowing proper X-ray exposure of the breast and its 
axillary extension from the moving gantry. In some embodi 
ments, the barrier can comprise an inner section and an outer 
section. The inner section is detachable from the outersection 
and provided with the opening adapted to allow a patients 
breast and arm passing therethrough. In some embodiments, 
the inner section is rotatable with respect to the outer section 
Such that the location of the opening in the barrier is change 
able. 

In another aspect, the present invention provides a method 
of irradiating a patient's breast. In an embodiment, a barrier is 
provided between a patient and a gantry. The gantry includes 
a radiation source for generating a radiation beam and a 
detector spaced from the radiation source. The patient is 
positioned in a Substantially upright position. The patients 
breast is then extended through an opening in the barrier to be 
exposed to the radiation beam. The gantry rotates about a 
horizontal axis, whereby the breast is irradiated by the radia 
tion beam and detected by the detector. 

In some embodiments, the method further comprises the 
step of extending the tissue leading from the breast to axilla 
through an opening in the barrier. In some embodiments, the 
method further comprises the step of extending an arm of the 
patient through an opening in the barrier. 

In some embodiments, the radiation barrier can be pro 
vided with three openings adapted to allow either the left or 
right arm of a patient passing therethrough either of two of the 
three openings, as either the left or right breast, respectively, 
passes through the third opening, so that either breast can be 
irradiated sequentially without modification of the barrier. 

In a further aspect, the present invention provides a system 
for irradiating a patient's breast. The system comprises a 
gantry which comprises a radiation source for generating a 
radiation beam and a detector spaced from the radiation 
Source, and a barrier disposed between the patient and the 
gantry. The barrier can comprise a material that absorbs the 
part of the radiation beam that is not incident on the breast and 
related tissue and is provided with an opening adapted to 
allow a breast passing therethrough to be exposed to the 
radiation beam. In some embodiments, the barrier is provided 
with an opening adapted to allow both the breast and the 
tissue leading from the breast to axilla passing therethrough 
to be exposed to the radiation beam. In some embodiments, 
the barrier comprises an opening adapted to allow an arm of 
the patient passing therethrough. 

The system can comprise a holder for Supporting the 
breast. The holder can be substantially cylindrical and com 
prise an end cap that is removable to facilitate positioning of 
the breast in the holder. The holder can comprise a gasket for 
vacuum sealing the breast in the holder. The holder can also 
be provided with means for providing vacuum to facilitate 
positioning and stabilizing of the breast in the holder. The 
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4 
system can further comprise a panic button coupled to the 
vacuum means, which when pushed, turns off the vacuum in 
the holder. 

In Some embodiments, the system can comprise a radiation 
Source generating a cone X-ray beam in a keV energy level 
Suitable for diagnostic imaging. In some embodiments, the 
system can comprise a radiation source generating a cone 
X-ray beam in a MeV energy level suitable for therapeutic 
irradiation. The system can further comprise a collimator for 
producing a radiation beam having a sharp vertical edge and 
semi-circular cross-section. 

In some embodiments, the gantry can comprise a first 
radiation source for generating a first radiation beam Suitable 
for diagnostic imaging and a second radiation Source for 
generating a second radiation beam suitable for therapeutic 
imaging and/or treatment. The first and second radiation 
Sources can be attached to a common gantry. Alternatively, 
the first radiation source is attached to a first gantry, the 
second radiation source is attached to a second gantry, and the 
first and second gantries are rotatable about a common axis. 

In some embodiments, the patient lies prone onto a barrier 
layer that is substantially horizontal in orientation, the breast 
hangs down through a hole in the barrier, and the gantry 
rotates about a vertical axis. A slot is provided in the barrier 
and a cylinder is attached to the barrier in such a way that the 
arm nearest the breast extends down by and past the breast in 
a way that allows clear X-ray exposure of the breast and its 
axillary extension and the chest wall without exposing the 
heart and lungs and so that no collision occur between body 
parts and the rotating gantry. Special rotation sequences and 
trajectories may be used to minimize the X-ray dose exposure 
to the arm and shoulder tissues and bones, from this arm 
insertion. 

In some embodiments, the patient’s head-to-foot orienta 
tion can be in any plane from Vertical to horizontal, or stated 
alternatively, the angle between patient’s head-to-foot orien 
tation and a vertical axis can be at any desired angle. 

In one embodiment, the system may include a couch top 
moveable relative to the gantry and a Support attachment 
coupled to the couch top. The patient may lie down on her side 
on the Support attachment during imaging. The Support 
attachment may comprise a drop-down or raise-up portion 
adapted to patient’s built. In an embodiment, the attachment 
is moveable in three directions (x, y, and Z). In another 
embodiment, the attachment is moveable independent of the 
couch top. In a further embodiment, the attachment may 
include a central portion and two wing portions, each of 
which being adapted to support the patient in a lying position. 
In some embodiments, each of the two wing portions is 
attachable and/or foldable. 

For radiation therapy treatment, one embodiment has both 
a kilovoltage X-ray source and flat plate detector and a mega 
Voltage X-ray source and detector, mounted at 90 degrees to 
each other on a single rotating gantry. In one particular 
embodiment, the kilovoltage source is placed near the outside 
boundary edge of the gantry volume in the direction of the 
patient. The latter permits the minimum bending of patient 
anatomy, Such as the neck, to allow imaging of important 
areas, such as the muscle wall of the chest, with minimal 
exposure of sensitive healthy regions, like the head and neck. 
The megavoltage X-ray Source can be located in a more cen 
tral part of the gantry Volume that is not conducive to the same 
boundary edge beam locations as a kilovoltage source. The 
gantry can also be positioned to several (e.g., 2 to 8) specific 
angles and orientations, to deliver a prescribed megavoltage 
dose to the breast, or to a restricted volume in the breast, 
without a large dose being delivered to other sensitive areas, 
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such as the head, neck, heart and lungs. With the embodiment 
discussed here, the location, extent, shape, orientation and/or 
boundaries of the malignant tumor are precisely determined 
in 3 dimensional space, relative to the gantry system coordi 
nates, by the kilovoltage source and detector's acquisition of 
a cone beam CT data set. These data are analyzed to either 
compare these specifications to a preexisting treatment plan 
or to produce a new or a modified treatment plan. Then the 
desired dose, to the whole breast and/or to its axillary exten 
sion and/or to its adjacent chest wall muscle, or to a restricted 
Volume containing the malignant tumor, is then accurately 
delivered by the megavoltage source, monitored by the flat 
panel megavoltage sensor, all on the single gantry and all 
during short time span (less than 30 minutes) for a single dose 
delivery. Since megavoltage X-ray beam radiotherapy is rou 
tinely administered in many separate daily doses, called frac 
tions, over many weeks, this embodiment allows some deter 
mination of the tumors response to treatment. This response 
can be indicated by comparisons to earlier fractions, as evi 
dent by changes in location, extent, shape, orientation, 
boundaries, or by detection of contrast agents related to func 
tional, biological and/or structural characteristics, where 
these agents are administered as part of the treatment setup 
and delivery, and as evaluated by cone beam CT data set 
viewing and analysis procedures. These 3 dimensional data 
sets can be extended to the 4" dimension time by using 
respiratory gating during cone beam CT acquisition to corre 
late position with the phase of the patients breathing process. 

For some embodiments, the barrier is adapted to incorpo 
rate a ring ledge that allows the patient to be positioned 
further inside the rotating gantry So that the shaped X-ray 
beam and/or beams strike the breast, and/or its axillary exten 
sion and/or its chest wall section of the patient, without the 
need to move the X-ray Source and/or sources, to the outside 
perimeter of the housings, but remain in the central region of 
the source enclosure, as is characteristic of most standard 
rotating C-arm X-ray sources and imager panels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and various other features and advantages of the 
present invention will become better understood upon read 
ing of the following detailed description in conjunction with 
the accompanying drawings and the appended claims pro 
vided below, where: 

FIG. 1 schematically illustrates a radiation system includ 
ing a barrier between a patient and a gantry in accordance 
with an embodiment of the present invention; 

FIG. 2 schematically illustrates an uncompressed breast 
extended through an opening in a barrier and Supported in a 
holder in accordance with an embodiment of the present 
invention; 

FIG. 3 is a plane view of a barrier having openings therein 
in accordance with an embodiment of the present invention; 

FIG. 4 is a plane view of a barrier having openings therein 
in accordance with an embodiment of the present invention; 

FIG. 5 schematically illustrates two radiation beams gen 
erated from two radiation sources arranged at 90 degrees in 
accordance with an embodiment of the present invention; 

FIG. 6 schematically illustrates a radiation source and a 
collimator for producing a radiation beam in accordance with 
an embodiment of the present invention; 

FIG. 7 is a cross-sectional view of a radiation beam pro 
duced by the radiation source and collimator illustrated in 
FIG. 6; 
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6 
FIG. 8 schematically illustrates a radiation system includ 

ing a barrier near a patient in accordance with another 
embodiment of the present invention; 

FIG. 9 schematically illustrates an uncompressed breast 
extended through an opening in a barrier and Supported in a 
holder having a Surface conformal to a portion of the breast in 
accordance with another embodiment of the present inven 
tion; 

FIG.10 is a side view illustrating a radiation system includ 
ing an adjustable barrier in accordance with an embodiment 
of the present invention; 

FIG. 11 is a front view illustrating a radiation system 
including an adjustable barrier inaccordance with an embodi 
ment of the present invention; 

FIG. 12 schematically illustrates a radiation system includ 
ing a barrier coupled to a moveable couch top in accordance 
with an embodiment of the present invention; 

FIG.13 schematically illustrates a radiation system includ 
ing a barrier coupled to a moveable couch top in accordance 
with another embodiment of the present invention; 

FIG. 14 schematically illustrates simultaneous irradiation 
of both breasts of a patient in accordance with an embodiment 
of the present invention; 

FIG. 15 is a side view illustrating a moveable support 
attachment Supporting a patient in a lying position in accor 
dance with an embodiment of the present invention; 

FIG. 16 is a top view illustrating a moveable support 
attachment Supporting a patient in a lying position in accor 
dance with an embodiment of the present invention; 

FIG. 17 schematically illustrates a support attachment 
which comprises two wing portions adapted to Support a 
patient in a lying position from either side in accordance with 
an embodiment of the present invention; and 

FIG. 18 schematically illustrates a support attachment 
which comprises two attachable and/or foldable wing por 
tions inaccordance with an embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIGS. 1 to 18, where like elements are desig 
nated by like references, various exemplary embodiments of 
the radiation system and method of the present invention will 
now be described. In general, the radiation system includes a 
gantry comprising a radiation source for generating a radia 
tion beam to irradiate a portion of a body, a detector spaced 
from the radiation source, and a structure positioned between 
the body and the gantry. In the present specification, the 
invention is described with embodiments where a human 
breast is irradiated, for example, for the purpose of forming an 
image thereof. It will be appreciated that the claimed inven 
tion may be used on animals as well as humans, and may be 
used on different body parts. The structure is described in the 
illustrative embodiments as a protective barrier that prevents 
at least a portion of the radiation from reaching other portions 
of the body, but can perform different or additional functions. 
For example, the structure can perform one or more functions 
Such as: radiation barrier, patient Support, patient positioning, 
patient immobilization, and patient protection from moving 
parts, for example. 

FIG. 1 schematically illustrates a radiation system 10 in 
accordance with a specific embodiment of the present inven 
tion. Radiation system 10 includes a gantry 12 capable of 
rotating about a horizontal axis 14. Gantry 12 includes a 
radiation source 16 for generating a radiation beam 18 for 
irradiating a breast 20 of a patient 22, and a detector 24 spaced 
from radiation source 16 for detecting the radiation beam 
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transmitted through breast 20. A barrier 26 is positioned 
between patient 22 and gantry 12. 

Radiation source 16 is capable of generating radiation 
beams at different energy levels. Radiation source 16 may 
include a single beam generation module or multiple beam 
generation modules (not shown). In accordance with a spe 
cific embodiment of the present invention, radiation source 16 
is configured to generate X-ray radiation beams at a kilo 
electron-volt (keV) energy level and a mega-electron-volt 
(MeV) energy level. A keV energy level X-ray radiation beam 
is generally used for forming images of tumor and/or tissues 
in patient, and is therefore also referred to as an image beam 
or a diagnostic beam. A MeV energy level X-ray radiation 
beam is generally used for targeting and treating tumor or 
other abnormal tissue in patient. The MeV energy level X-ray 
radiation beam can also be used for forming images of 
patient. However, images formed using an MeV energy level 
X-ray beam typically have lower contrast and spatial resolu 
tions than those formed with an X-ray beam at a lower energy 
level, e.g., keV energy level. The MeV energy levels have the 
advantage that they reduce CT image artifacts, like rings and 
rays, generated by dense regions of patient anatomy, like 
bones and metal implants. In accordance with an embodiment 
of the present invention, radiation source 16 includes two 
X-ray beam generators 16a and 16b (FIG. 5), one for gener 
ating the keV energy level X-ray image beams and another for 
generating the MeV energy level X-ray radiation beams. The 
two beam generators may be located in close proximity with 
each other or separated from each other. For example, in one 
specific embodiment, the two beam generators are so located 
that they project radiation beams toward the breast at an angle 
of approximately 90 degree from each other. In accordance 
with another embodiment, radiation source 16 includes a 
signal X-ray beam generator that is capable of generating 
X-ray beams at multiple energy levels. An embodiment uses 
dual (e.g. keV and MeV) energies to provide additional medi 
cally relevant information. For example, by use of dual 
energy techniques that include projection image subtractions 
or ratioing, or other simple or complex (e.g. correlation and 
mutual information) mathematical operations on the dual 
energy data well known in the art, including Such operations 
as a function of time, embodiments provide increased sensi 
tivity, to elements like contrast agents, and evaluations of 
functional performance parameters, such as perfusion and 
cellularity. By way of example, U.S. patent application Ser. 
No. 10/033,327 entitled “Radiotherapy Apparatus Equipped 
with an Articulable Gantry for Positioning an Imaging Unit 
and filed on Nov. 2, 2001, now U.S. Pat. No. 6,888,919, 
discloses a system with X-ray radiation sources at different 
energy levels, the disclosure of which is incorporated herein 
by reference in its entirety. 
A beam adjuster 28 (FIG. 6) may be included in gantry 12 

in front of radiation source 16 to adjust the shape, size, inten 
sity, and direction of radiation beam 18. In a specific embodi 
ment, beam adjuster 28 includes one or more multiple leaf 
collimators. In an alternative embodiment, beam adjuster 28 
includes one or more multiple leaf collimators and one or 
more single jaw collimators. 

Detector 24 is capable of detecting images of tumor and 
Surrounding tissues in patient formed by X-ray beams at both 
the MeV high energy level and the keV low energy level. In 
accordance with an embodiment, detector 24 includes two 
image detecting devices 24a and 24b (FIG. 5), one for detect 
ing images formed by the keV image beams, and the other for 
detecting images formed by the MeV radiation beams. In 
accordance with another embodiment, detector 24 includes a 
single image detecting device that is capable of detecting 
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8 
images formed by beams at multiple energy levels. By way of 
example, U.S. patent application Ser. No. 10/013,199 entitled 
“X-Ray Image Acquisition Apparatus' and filed on Nov. 2, 
2001, now U.S. Pat. No. 6,800,858, discloses an x-ray image 
detecting device that is capable of detecting multiple energy 
level X-ray images and can be used as detector in accordance 
with the present invention. U.S. patent application Ser. No. 
10/013,199 is incorporated herein by reference in its entirety. 
In accordance with a specific embodiment of the present 
invention, detector 24 is a flat plate X-ray sensor. 

System 10 can include a control module (not shown) 
coupled to gantry 12, radiation Source 16, beam adjuster 28, 
and detector 24 to control their operations. 

It should be noted that system 10 in accordance with the 
present invention is not limited to having the structure as 
described herein above. For example, radiation source 16 is 
not limited to generating X-ray radiation at the keV and MeV 
energy levels. Depending on the nature of treatment or appli 
cation, radiation Source 16 may generate X-ray radiation at 
other energy levels or generate other kinds of radiation 
beams, which include, but are not limited to, beta ray beams, 
positron beams, proton beams, antiproton beams, neutron 
beams, heavy ion beams, e.g., alpha ray beams, carbon ion 
beams, etc. Detector 24 may include different kinds of radia 
tion sensors corresponding to different radiation beam 
sources. Further, system 10 is not limited to having one detec 
tor as shown in FIG. 1. In alternative embodiments, system 
may include two or more image detectors. 

Barrier 26 is positioned between patient 22 and gantry 12 to 
protect the rest of the patient’s body from radiation. Barrier 
26 can also perform the functions of Supporting patient 22 for 
correct and stable position and protecting patient 22 from 
collision with moving gantry 12. Barrier 26 can be mounted 
on the ceiling and the floor of the treatment room in which 
system 10 is installed. Barrier 26 can be in various forms and 
sizes depending on specific applications. By way of example, 
FIGS. 1-4 show a barrier in the form of a shallow cone having 
circular symmetry for illustration purpose. Other alternative 
embodiments include shallow partial spheroids, curved 
shapes, or shallow pyramids formed by multiple planar Sur 
faces. Alternatively, barrier 26 can be formed by a combina 
tion of curved and planar surfaces. FIGS. 8-13 show alterna 
tive embodiments of barrier 26, which will be described in 
more detail below. 

In some embodiments, barrier 26 comprises materials that 
absorb radiation such as X-ray beam 18. Suitable radiation 
absorbing materials are well known in the art, which include, 
but are not limited to: lead, tungsten, tantalum, uranium, 
thorium, iridium, gold, and their alloys or mixtures or in 
binders that contain them including glass, plastic, and sheet 
rock. In a specific embodiment, barrier 26 is formed of leaded 
sheet rock. Near the region of the patient’s breast 20, barrier 
26 can include a material that has a low absorption of radia 
tion beam 18 to allow free penetration to areas of interest such 
as the chest wall of the patient. 

Barrier 26 is provided with an opening 30 (FIGS. 3 and 4) 
adapted to allow a breast 20 and chest wall passing there 
through to be exposed to radiation beam 18. FIG. 2 schemati 
cally shows the detail of an uncompressed breast 20 extended 
through opening 30 in barrier 26. As shown in FIG. 2, a holder 
32 is coupled to barrier 26 for receiving and supporting 
uncompressed breast 20. By way of example, holder 32 can 
be a hollow cylinder having an end cap 34. End cap 34 can be 
removable to allow a radiation technician to place and posi 
tion breast 20 in hollow cylinder 32. A soft gasket 36 can be 
attached to hollow cylinder 32 to provide vacuum seal near 
the chest wall boundaries of breast 20. A vacuum line 38 can 
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be coupled to hollow cylinder 32 for evacuating the cylinder. 
Vacuum line 38 allows breast 20 to be more completely drawn 
into and stabilized in hollow cylinder 32 and into radiation 
beam 18. Both holder 32 and gasket 36 can be made of a 
material that has a low absorption of X-ray beam so that clear 
imaging of breast anatomy is not compromised. A panic 
button 39 can be provided in barrier 26 or held in a free hand 
of patient 22. When the panic button is pushed, the vacuum in 
hollow cylinder 32 is turned off so that patient 22 has control 
of releasing herself from breast support cylinder 32 at any 
time. A plurality of small holes 40 can be provided in the area 
proximate opening 30 to prevent formation of vacuum 
beyond the immediate region of breast 20. 

Barrier 26 can be provided with another opening 42 (FIGS. 
3 and 4) adapted to allow an arm of patient 26 passing there 
through. A cylindrical support 32 is coupled to barrier 26 for 
receiving and Supporting the extended arm. A handbar 48 can 
be provided e.g. at one end of cylindrical Support 46 to assist 
patient 22 to hold and stabilize the extended arm. Cylindrical 
support 46 can be made of the same material as that of barrier 
26. Alternatively, cylindrical support 46 is made of a different 
material. In some embodiments, cylindrical Support 46 com 
prises a material that absorbs radiation beam 18 Such as X-ray 
beams. In some embodiments, near the region of patients 
chest wall and breast, cylindrical Support 46 comprises a 
material that has low absorption of radiation so that radiation 
beam 18 passes through for clear imaging of the chest wall, 
the breast and its associated tissues. As will be described 
below, cylindrical support 46, when combined with limited 
angles of gantry rotation, can effectively protect the bones 
and muscles of patient’s arm and shoulder from radiation. 

FIGS. 3 and 4 are plane views of exemplary barriers 26 in 
accordance with an embodiment of the present invention. In a 
specific embodiment shown in FIG. 3, barrier 26 is designed 
to have openings 30 and 42 adapted to allow patient’s left 
breast and left arm passing therethrough. In another specific 
embodiment shown in FIG.4, barrier 26 is designed to have 
openings 30 and 42 adapted to allow patient’s rightbreast and 
right arm passing therethrough. 

In some embodiments, barrier 26 can be divided into a first 
inner section 50 and a second outer section 52 by dotted line 
54 as shown in FIGS. 3 and 4. Second outer section 52 can be 
mounted to the ceiling and the floor of the treatment room in 
which system 10 is installed. In a specific embodiment, first 
inner section 50 with openings can be detachable from second 
outer section 52 and replaceable. Thus, the size of opening 30 
in first inner section 50 can be chosen to adapt to various size 
of patients’ breasts. In another specific embodiment, first 
inner section 50 is rotatable with respect to second outer 
section 52 along dotted line 54. For example, first inner sec 
tion 50 can be rotated counterclockwise to a position shown in 
FIG. 3 suitable for use in irradiating patient’s left breast. 
Conversely, first inner section 50 can be rotated clockwise to 
a position shown in FIG. 4 suitable for use in irradiating 
patient’s right breast. 

In some embodiments, a slot 56 is provided between open 
ings 30 and 42. Slot 56 is sized and shaped such that the soft 
tissue leading from breast 20 to the armpit (axillary extension 
of the breast) extends therethrough to be exposed to radiation 
beam 18. This allows irradiation and imaging of the soft tissue 
leading from an uncompressed breast to the armpit. It is 
advantageous to image both the breast and its axillary exten 
sion since primary breast lesions often spread to infectlymph 
nodes in this region. 

In some embodiments, barrier 26 can be provided with two 
arm openings adapted to sequentially allow each of the two 
arms passing through. For instance, one of the two arm open 
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10 
ings is adapted to allow the left arm passing through when the 
patient’s left breast is extended through opening 30 and 
exposed to radiation beam 18. Another arm opening is 
adapted to allow the patient's right arm passing through when 
the patient’s right breast is extended through the same open 
ing 30 and exposed to radiation beam 18. In these embodi 
ments, each of the patient’s breasts can be sequentially irra 
diated without the need of rotating first inner section 50 or 
modifying barrier 26. 

Referring to FIG. 8, there is shown a barrier 26 in accor 
dance with another embodiment of the present invention. In 
general, barrier 26 in FIG. 8 comprises a structure in a convex 
shape and configured to be positioned near gantry 12, which 
is generally in a concave shape. Barrier 26 comprises a ledge 
portion 66, a main portion 68, and aband portion 70 connect 
ing the ledge and main portions 66 and 68. An L-shaped 
region 72 is formed between ledge and band portions 66 and 
70 and is configured to surround the outer perimeter of gantry 
12. Main portion 68 is configured to be positioned in the 
gantry housing and adapted to Support patient’s body 22. 
Openings are provided in main portion 68 for a breast passing 
therethrough for irradiation. A stool 58 can be coupled to 
band portion 70 on which patient 22 can sit during imaging. In 
some embodiments, ledge 66, band 72 and main 68 portions 
are coupled together by conventional means such as by using 
bolts and nuts or by welding, etc. In some embodiments, the 
ledge, band and main portions are an integral unit. In one 
embodiment, stool 58 is an integral portion of barrier 26. 
When barrier 26 is positioned near gantry 12, for example, 

being mounted to the ceiling and floor of the treatment room, 
free space can be created between the L-shape region and the 
ceiling and floor. Gantry 12 can freely rotate in the free space 
without collision with barrier 26 and patient’s body 22. One 
of the advantages of barrier 26 in FIG. 8 is that the patient can 
be positioned further inside rotating gantry 12 so that irradia 
tion beam 18 can be projected onto the breast and/or its 
axillary extension and/or its chest wall without the need to 
modify most standard gantries, which typically have radia 
tion sources located in the central region of the source enclo 
sure. Thus, the use of barrier 26 can eliminate the need to 
move radiation source 16 to the perimeter edge of gantry 12. 

Referring to FIG. 9, there is shown a breast support 74 in 
accordance with another embodiment of the present inven 
tion. In comparison with the breast holder 32 shown in FIG.2 
which comprises a sealed hollow cylinder having an evacu 
ating means, Support 74 in FIG. 9 comprises an open ledge 
that supports the breast 20 from underneath. Support 74 can 
comprise a flat plate oriented horizontally or at Some Small 
angle (e.g. 5 to 30 degrees) to a horizontal axis. In some 
embodiments, Support 74 can comprise a curved Surface to 
conform to the form of an uncompressed breast. In some 
embodiments, support 74 comprises a combination offlat and 
curved surfaces. In some embodiments, Support 74 comprises 
a flexible material that provides positioning and immobiliza 
tion for the breast, such as like a bra. 

In operation, in one embodiment, patient 22 sits on a stool 
58, or alternatively, stands in front of barrier 26 in a substan 
tially upright position. Alternatively stool 58 can be incorpo 
rated in barrier 26. Patient 22 rests againstand is supported by 
barrier 26 and extends a breast 20 (e.g., the left breast as in 
FIG. 1) through an opening 30 in barrier 26 to be exposed to 
radiation beam 18. A radiation technician may assist in plac 
ing and positioning the breast 20 in holder 32 or Support ledge 
74. A vacuum pump (not shown) is turned on to provide 
vacuum so that the breast 20 is more completely drawn into 
and stabilized in holder 32. Patient 22 can also extendan arm 
(e.g., the left arm) through an opening 42 and grasp a handbar 
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48 to rest the arm in support cylinder 46. Soft tissue leading 
from breast 20 to axilla extends through slot 56 to be exposed 
to radiation beam 18. An uncompressed breast 20 and soft 
tissue leading from the breast to axilla are thus ready for 
irradiation and imaging. Contrast agents can be optionally 
injected into uncompressed breast 20 to facilitate assessing 
Suspicious lesions. 

Radiation Source 16 generates radiation beam 18 Such as a 
cone X-ray beam. The cone X-ray beam can be at any X-ray 
energy level from kilovoltages (KeV) to megavoltages 
(MeV). For example, the conex-ray beam generated by radia 
tion source 16 can be at an energy level in the range from 
about 50 kVp to about 30 MV. In one embodiment, the cone 
X-ray beam can be at an energy level in the range from about 
200 kVp to about 1000kVp. In an embodiment shown in FIG. 
5, radiation Source 16 includes two X-ray beam generators: a 
kilovoltage X-ray beam generator 16a and a megavoltage 
X-ray beam generator 16b. Each of the two X-ray beam gen 
erators 16a and 16b is provided with a flat plate sensor 24a 
and 24b. In one embodiment, the pair of kilovoltage X-ray 
beam generator 16a and flat panel sensor 24a are mounted at 
90 degrees to the pair of megavoltage X-ray beam generator 
16b and flat plate sensor 24b in gantry 12. This configuration 
produces both a kilovoltage X-ray beam and a megavoltage 
X-ray beam 18a and 18b. In one embodiment, generator 16a 
generates a cone X-ray beam 18a at an energy level of 
approximately 125 kVp for diagnostic imaging of a breast 
and its axillary extension and chest wall. In another embodi 
ment, generator 16b generates a cone X-ray beam 18b at an 
energy level of approximately 1-2 MV for radiotherapy and 
for diagnostic imaging with reduced ray and ring artifacts. As 
gantry 12 rotates around an axis such as a horizontal axis 14, 
projection and CT images, for diagnosis, staging, treatment 
planning, treatment targeting, and motion management, can 
be generated at kilovoltage and/or megavoltage energies and 
be immediately followed by radiation therapy at megavoltage 
energies. 

Radiation beam 18 generated by radiation source 16 
impinges on a dense X-ray absorbing block 28 shown in FIG. 
6 to provide an X-ray beam with a specific shape, size, inten 
sity, and direction of x-ray beam 18. In a specific embodiment 
shown in FIG. 6, a multileaf collimator 28 is disposed in front 
of radiation source 16 to produce a half cone X-ray beam with 
a sharp vertical edge 60 and semi-circular cross-section 62. 
Half cone beam with sharp vertical edge 60 is advantageous 
in reducing radiation dose to tissues of healthy body parts 
near the breast 20. The multileaf collimator 28 can be adjusted 
to other advantageous shapes, other than a flatboundary, Such 
as a curved or bumpy Surface of the lungs, so that the latter is 
better protected from the X-ray beam. 

Gantry 12 rotates about an axis 14 Such as a horizontal axis 
as controlled by a control module (not shown). As gantry 12 
rotates, radiation beam 18 generated by radiation source 16 is 
projected onto breast 20 and its axillary extension from dif 
ferent directions. By way of example, cone X-ray beam is 
generated from radiation Source 16 and projected onto breast 
20 and soft tissue. Gantry 12 rotates 360 degrees or alterna 
tively slightly more than 360 degrees (e.g. approximately 370 
degrees) and approximately 500 to 600 projection images are 
taken at equally spaced angles to provide a complete set of 
projection data. Gantry 12 can also tilt from its horizontal 
position and rotates about an axis having an angle with hori 
Zontal axis 14 from about 0 to 85 degrees so that radiation 
beam 18 is projected to breast 20 from various angles. In some 
embodiments, gantry 12 rotates 180 degree plus the cone 
beam angle in a way that radiation beam 18 does not first pass 
through patient's shoulder and arm region prior to entering 
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the breast area, to reduce radiation dose to healthy arm and 
shoulder tissue and bone volume. The portion of cylindrical 
Support 46, through which no direct radiation beams pass on 
the way to the breast 20 and detector 24, can be made of a 
radiation absorbing material to protect patient 22 from Scatter 
radiation exposure. 

Detector 24 detects the radiation beam transmitted through 
breast 20 and produces radiation transmission data represent 
ing the intensity of the radiation transmitted through breast 
20. An image processor (not shown) receives the transmission 
data from detector 24 and produces a plurality of single pro 
jection images, typically 500 to 600, that are then recon 
structed into three-dimensional CT image data sets of breast 
20, using reconstruction algorithms known in the art such as 
the Feldkamp algorithm. 

After one breast (e.g., the left breast) is irradiated, the other 
breast (e.g., the right breast) can be exposed to radiation beam 
for imaging. This can be done by detaching first inner section 
50 of barrier 26 and replacing with another inner section 
having openings designed for the right breast. Alternatively, 
inner section 50 is rotated clockwise to a position suitable for 
the right breast and right arm extending through the openings. 
In some embodiments, patient 22 can reposition herself to 
extend her right breast and right arm through the openings in 
barrier 26. 

In another aspect of the invention for radiation therapy, 
both a kilovoltage X-ray Source 16a and detector 24a and a 
megavoltage X-ray Source 16b and detector 24b can be 
mounted onto a rotating gantry 12 and oriented at 90 degrees 
to each other as shown in FIG. 5. In some embodiments, the 
orientation of the axis of rotation 14 is horizontal where FIG. 
5 is a front view and the patient's 22 head-to foot-orientation 
is Substantially vertical. In some embodiments, patient 22 lies 
in a prone or Supine position and gantry 12 rotates about a 
vertical rotation axis 14 under patient 22. In such embodi 
ments, FIG. 5 is a top view and the patient's 22 head-to-foot 
orientation is substantially horizontal. In some embodiments, 
patient 22 lies in a Supine position and gantry 12 can be 
Suspended above patient 22 and rotates about a vertical axis of 
rotation 14. In such embodiments, FIG.5 is a bottom view and 
the patient's 22 head-to-foot orientation is substantially hori 
Zontal. In some embodiments, the patient’s head-to-foot ori 
entation can be in any plane from vertical to horizontal, or 
stated alternatively, the angle between patients head-to-foot 
orientation and a vertical axis can be at any desired angle. 

Gantry 12 is rotated with the kilovoltage source 16a on to 
acquire a complete kilovoltage cone beam CT data set. This 
can be a complete 360 rotation. In some embodiments, gantry 
12 rotates 180 degrees plus the cone beam angle (e.g., 20 to 30 
degrees) so that the kilovoltage X-rays do not pass first 
through the shoulder and arm of patient 22. 

In another aspect of this invention, the arm Support struc 
ture (including a cylindrical tube and/or curved tube-like 
structure or a combination of the two) contains radiation 
absorbing material or materials to reduce the radiation dose to 
healthy tissues of the inserted shoulder and arm or to parts of 
them. 

The kilovoltage X-ray source 16a can be configured to have 
its beam emerge from the boundary edge of gantry 12 near 
patient 22 as shown in FIG. 1. The kilovoltage source beam 
18a can be shaped with an X-ray absorbing block 28 as shown 
in FIG. 6, to provide a half cone shape 62 as shown in FIG. 7. 
This allows the incident kilovoltage beam 18a to pass through 
the muscle of the patient's 22 chest wall with minimal expo 
Sure to the head and neck, the heart and lungs, and the other 
healthy parts of the patient’s body 22. 
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Barrier 26 can be configured to block kilovoltage X-ray 
beam 18a or its scattered components that do not travel 
directly from Source 16a to kilovoltage detector 24a and pass 
through the breast 20 or its axillary extension toward the arm 
pit. Barrier 26 can also be configured to transmit kilovoltage 
X-rays 18a that pass through the muscle of the chest wall 
adjacent to the breast 20. As described above, the breast 20 is 
placed into hollow cylinder 32 for stable positioning and 
support. An end cap 34 and vacuum line 38 can be attached to 
hollow cylinder 32 to assist in obtaining proper placement of 
the breast 20 relative to the kilovoltage X-ray beam source 16a 
and detector 24a. 

The megavoltage X-ray beam source 16b can be more cen 
trally located from the boundary of gantry 12. In some 
embodiments, beam source 16b can be positioned by gantry 
12 to several (e.g., 2 to 8) angles and orientations to deliver a 
proscribed megavoltage dose to the breast 20, its axillary 
extension toward the armpit, and the muscle wall of the chest 
adjacent to the breast 20 and avoid a large dose delivery to 
other sensitive areas, such as the head, neck, heart and lungs 
of the patient 22. Selection of Such specific megavoltage 
orientations and angles is well known to radiation oncology 
practitioners and has been described by S. V. Formentietal in 
International Journal of Radiation Oncology, Biology, and 
Physics, Vol. 60, 2004, pp. 493-504. 
The location, extent, shape, orientation and/or boundaries 

of the malignant tumor are precisely determined in three 
dimensional space, relative to the gantry 12 system coordi 
nate, by the kilovoltage source 16a and detector's 24a acqui 
sition of a cone beam CT data set. These data are analyzed to 
either compare these specifications to a preexisting treatment 
plan or to produce a new or a modified treatment plan. Then 
a desired dose, to the whole breast 20 and/or its axillary 
extension and/or its adjacent chest wall muscle, or to a 
restricted Volume containing the malignant tumor, is accu 
rately delivered by megavoltage source 16b, monitored by 
detector 24b Such as a flat panel megavoltage sensor, all on the 
single gantry 12 and all during a short time span (e.g., less 
than 30 minutes) for a single dose delivery. Since megavolt 
age X-ray beam radiotherapy is routinely administered in 
many separate daily doses, called fractions, over many weeks, 
this type of monitoring allows some determination of the 
tumors response to treatment. This response can be indicated 
by comparisons to earlier fractions, as evident by changes in 
location, extent, shape, orientation, boundaries, or by detec 
tion of contrast agents related to functional, biological and/or 
structural characteristics, where these agents are adminis 
tered as a part of the treatment setup and delivery, and the 
evaluation is from cone beam CT data set viewing and analy 
sis procedures. The time response of contrast agent uptake 
and flush out contributes medically relevant information on 
the properties and characteristics of the cancer lesions and 
their surrounding tissues. The three dimensional CT data sets 
can be extended to the 4" dimension of time by using respi 
ratory gating during the cone beam CT acquisition to corre 
late position with the phase of the patient's 22 breathing 
process. 

FIGS. 10-11 illustrate another embodiment of barrier 26, 
which is adjustable to adapt to various positions of patients 
body 22. In this embodiment, the material forming barrier 26 
is selected such that barrier 26 is bendable and/or adjustable 
to adapt to a desired position of patient 22 when in use. The 
adjustable barrier 26 is sufficiently robust to support patients 
body 22 leaning against the barrier. Suitable materials for 
forming adjustable barrier 26 include but are not limited to 
aluminum. 
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In some embodiments, adjustable barrier 26 is in the form 

of a skeletal frame that includes a minimum number of com 
ponents needed to support or position patient 22 in a desired 
position. In general, a skeletal frame comprises a minimalist 
structure that provides Support and/or positioning of the 
patient and/or other structures such as positioning devices and 
radiation barriers. Suitable materials for constructing a skel 
etal frame include aluminum, stainless steel, chrome molly 
steel, fiberglass, plastics, and carbon fiber materials and com 
posites. A skeletal frame may optionally incorporate some 
positioning and shielding if desired. Leadlined curtain and/or 
cushion pad may be attached to the skeletal frame. As one 
example, when barrier 26 inform of a skeleton frame is in use, 
patient 22 may wear a lead lined uniform Such as a lead lined 
hospital gown that opens in the back or a lead lined gownshirt 
and apron to protect other healthy body parts from unneces 
sary irradiation. A separate, flexible lead lined sleeve can be 
placed around patients hand, and part of the arm to provide 
further protection. If desired, a shin guard plate can be 
attached to the frame near floor 84 of the treatment room to 
protect anybody parts exposed below the bottom of the gown 
or apron. One of advantages of barrier 26 shown in FIGS. 
10-11 is that it can be made compact and easily installed by, 
for example, bolts and nuts in the treatment room and conve 
niently removed. Alternatively, the system may be made Such 
that it may be positioned relative to an imaging or treatment 
system without attachment, by for example, having some type 
of mating registration points that fit securely onto a portion of 
the imaging or treatment system. For example, barrier 26 can 
be installed between a gantry 12 and a couch 86 of an existing 
cone beam CT system without any major modification of the 
system. After patient’s breasts are imaged and/or treated, 
barrier 26 is removed so that the CT system can perform 
imaging and/or treatment of other body parts of a patient. For 
instance, a patient can now lie on a couch top 88, which can be 
moved into gantry 12 after the barrier 26 is removed. 

FIGS. 12-16 illustrate further embodiments of the present 
invention in which patient 22 can sit or lie side ways on couch 
top 88 during imaging and/or treatment. Barrier 26 is coupled 
to an end or other location of couch top 88 and configured to 
support and protect patient 22. While not shown in FIGS. 
12-16, couch 86 may include a moveable portion (not shown) 
driven by a moving mechanism Such as precision motors. The 
moveable portion can be translated in three directions (x, y, 
and Z). Couch 86 may be provided with a titling mechanism 
for titling the moveable portion with respect to the x-y plane. 
Couch top 88 is coupled to the moveable portion and can be 
translated and/or titled with the couch’s moveable portion. 
Couch top 88 can also be moved independent of the moveable 
portion. For example, couch top 88 can be independently 
translated in X-direction to move patient 22 into and out of 
gantry 12. 
A support attachment 90 can be coupled to and moved with 

couch top 88. By way of example, support attachment 90 can 
be an aluminum frame secured to couch top 88. Support 
attachment 90 can be secured to couch top 88 by various 
means known in the art. For example, support attachment 90 
can be hooked to couch top 88 at one end so that it can be 
conveniently removed after imaging and/or treatment of 
patient’s breast. Support attachment 90 can be moved 
together with couch top 88. For example, support attachment 
90 can be translated in three dimensions and tilted. In some 
embodiments, support attachment 90 can be moved indepen 
dent of couch top 88. As shown in FIGS. 15-16, support 
attachment 90 can be rotated in the plane of couch top 88. 

While support attachment 90 is illustrated and described 
with embodiments of an existing imaging system including a 
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moveable couch top, it will be appreciated that Support 
attachment 90 can be used in designing a mammography CT 
system. In such a mammography CT system, Support attach 
ment 90 may be coupled to a couch base, which can be 
provided with a moving mechanism capable of translating, 
tilting, and/or rotating Support attachment 90. 

Barrier 26 such as an adjustable support illustrated in 
FIGS. 10-11 can be coupled to support attachment 90 at one 
end by various means known in the art. Barrier 26 can be in 
the form of a skeleton frame consisting of a minimum number 
of parts needed to Support patient 22. A skeletal frame 26 may 
optionally incorporate some positioning and shielding if 
desired. As one example, a leaded curtain can be placed on the 
skeleton frame to block any unnecessary radiation of patients 
healthy body parts. A thin metal sheet Such as aluminum sheet 
can also be used. Alternatively, patient 22 may wear a leaded 
uniform such as a lead lined hospital gown that opens in the 
back or a lead lined gown shirt and apron to protect other 
healthy body parts. Openings are provided in the leaded cur 
tain and/or metal sheet to allow patient’s breast and its axil 
lary extension passing through. 

FIG. 13 illustrates an embodiment of the present invention 
in which a portion such as one end of support attachment 90 
is configured to adapt to patient’s body build. As shown, 
support attachment 90 may include a drop-down portion 92 at 
one end to adapt to tall patients. Drop-down portion 92 is 
desirable for tall patients in aligning their breasts and/or axil 
lary extension with the gantry's rotation axis 14. Alterna 
tively, Support attachment 90 may include a raise-up portion 
(not shown) to adapt to short patients in aligning their breasts 
with gantry's rotation axis 14. 

FIGS. 15-16 illustrate an embodiment of the present inven 
tion in which patient 22 may lie on her side on a Support 
attachment 90 during imaging and/or treatment. As shown, 
support attachment 90 is coupled to couch top 88 at an angle 
that allows patient 22 to lie on her side without major body 
contortion. Barrier 26 is coupled to support attachment 90 and 
provided with an opening 96 that allows breast 20, its axillary 
extension, and optionally an arm passing through. Breast 20 is 
Supported on Support ledge 74 and exposed to a radiation 
beam. Support 91 is provided to secure and support barrier 26. 
This embodiment greatly reduces body contortion and pro 
vides greater comfort for patients 22. In an embodiment, 
support attachment 90 can be rotated in the plane of couch top 
88, independent of the movement of couch top 88. In another 
embodiment, barrier 26 is an integral portion of Support 
attachment 90 and moveable during patient positioning. 

FIG. 17 illustrates another embodiment of support attach 
ment 90, which is adapted to allow patient 22 to lie down from 
either side so that both breasts and their associated tissues can 
be easily imaged. As shown, Support attachment 90 can be in 
Y-or V-shape having two wing portions 90a and 90b and a 
central portion 90c. Two wing portions 90a and 90b may be 
angled such that patient 22 can lie down comfortably on her 
side on either wing portion without major body contortion. 
Barrier 26 (not shown in FIG. 17) can be coupled to central 
portion 90c. 

FIG. 18 illustrates another embodiment of support attach 
ment 90, which comprises two attachable and/or foldable 
wing portions 90a and 90b. Various mechanisms known in the 
art such as slides and brackets can be used to attach and/or 
fold wing portions 90a and 90b. In one embodiment, wing 
portions 90a and 90b are attachable to couch top 88 and 
foldable against couch 86. In such embodiment, wing por 
tions 90a and 90b are moveable with couch top 88. In another 
embodiment, wing portions 90a and 90b can be coupled to a 
gantry housing 93 Such as of a ring gantry CT system. There 
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exists a need for very fast cone beam CT of breasts. For 
instance, when X-ray contrast agents are injected into the 
blood stream, it is desirable that the transport of the contrast 
agents with time is imaged so that more precise information 
can be obtained on the target lesion or lesions and their 
response to treatments, like external beam radiotherapy. In an 
enclosed gantry CT, the rotation speed can be on the order of 
0.3 to 0.4 seconds per rotation. At Such high rotation speeds, 
an enclosed gantry is desired for safety. FIG. 18 schematically 
shows an enclosed ringgantry CT system having a cylindrical 
tunnel opening 94. When wing portions 90a and 90b are 
attached to gantry housing 93, couch top 88 can freely move 
in and out opening 94, independent of the side wing portions 
90a and 90b attached to gantry housing 93. 

In use, patient 22 sits on e.g. one end of support attachment 
90 and leans against barrier or support frame 26 as shown in 
FIGS. 12-13. Alternatively, patient 22 may lie on her side on 
support attachment 90 as illustrated in FIGS. 15-18. Patient 
22 is positioned Such that a breast and/or its axillary extension 
extend through the opening(s) provided in barrier 26 and are 
supported in breast support 32 or 74. The couch’s moveable 
portion and/or couch top move patient 22 into gantry 12 at a 
position that exposes the patient’s breast and/or its axillary 
extension to radiation beam 18. The elevation (Z-direction) of 
the couch’s moveable portion is adjusted such that the 
patient's breast and/or its axillary extension Substantially 
align with the axis of rotation 14 of gantry 12. Couch top 88 
can also be adjusted by the tilting mechanism provided in 
couch 86. Support attachment 90 may also be rotated during 
the adjustment. 
The above various embodiments of the present invention 

are described in the context where one breast is imaged and/or 
treated at one time. It should be pointed out that if both breasts 
need to be imaged and/or treated, both breasts 20a and 20b 
and their axillary extension can be simultaneously irradiated, 
as illustrated in FIG. 14. This can be achieved by providing, 
for example, two openings in barrier 26 to allow both breasts 
and/or their axillary extension passing through. One advan 
tage of irradiating both breasts simultaneously is that it can 
not only save time but also reduce radiation doses to patients. 
The present invention provides a system and method for 

providing three-dimensional computed tomography and 
radiotherapy of tumorous tissues in patients uncompressed 
breasts. This eliminates the pain suffered by patients in con 
ventional mammography during which the breasts are com 
pressed. Contrast agents circulate more effectively in uncom 
pressed breasts and can be advantageously used in the present 
invention to facilitate assessing Suspicious lesions. Another 
advantage of the present invention is that not only the breasts 
themselves, but also the soft tissues leading from the breasts 
to the axilla (arm pit) and the muscle of the chest wall, can be 
irradiated and examined, while the radiation dose to healthy 
heart, lung, and other body part tissues is minimized. More 
over, the present system and method can make immediate use 
of widely available CT gantry systems and external beam 
radiotherapy systems, which primarily have axes of rotation 
that are horizontal. The clear position, shape and Volume 
information on any malignantlesions from the breast through 
the axilla can be coupled to a system for efficient and prompt 
radiotherapy via external beam radiotherapy and/or brachy 
therapy. 
The foregoing description of specific embodiments and 

examples of the invention have been presented for the pur 
pose of illustration and description, and although the inven 
tion has been described and illustrated by certain of the pre 
ceding examples, it is not to be construed as being limited 
thereby. They are not intended to be exhaustive or to limit the 
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invention to the precise forms disclosed, and many modifica 
tions, improvements and variations within the scope of the 
invention are possible in light of the above teaching. It is 
intended that the scope of the invention encompass the 
generic area as herein disclosed, and by the claims appended 
hereto and their equivalents. 
What is claimed is: 
1. A radiation system comprising: 
a radiation source capable of generating a radiation beam 

suitable for treatment; 
a structure near the radiation source, said structure having 

a planar or curved section which is provided with at least 
a first opening adapted to allow a breast of a patient 
passing through to be exposed to at least a portion of the 
radiation beam, said structure being adapted to be fix 
edly positioned during treatment irradiation to separate 
the rest of the patient from the radiation beam, said first 
opening defining a Substantially vertical opening plane 
when the structure is fixedly positioned during irradia 
tion. 

2. The radiation system of claim 1 wherein said first open 
ing has a first generally round portion and a second elongate 
portion adapted to allow the breast and tissue between the 
breast and an axilla passing through to be exposed to at least 
a portion of the radiation beam. 

3. A method of irradiating a portion of a body, comprising 
the steps of: 

providing a radiation source for generating a radiation 
beam; 

providing a structure having a planar or curved section 
which is provided with an opening adapted to allow a 
portion of a body passing through, said structure being 
adapted to be fixedly positioned during irradiation to 
separate the rest of the body from the radiation beam, 
said opening defining a Substantially vertical opening 
plane; 

extending a portion of the body through the opening in the 
structure to expose the body portion to at least a portion 
of the radiation beam; 

rotating the radiation source about a horizontal axis to 
rotate the radiation beam in a substantially vertical 
plane, whereby the body portion is irradiated by at least 
a portion of the radiation beam. 

4. The method of claim 3 wherein the body portion is a 
breast of a patient. 

5. The method of claim 3 wherein said radiation beam is 
Suitable for diagnostic imaging. 

6. The method of claim 3 wherein said radiation beam is 
suitable for radiation therapy. 

7. The method of claim3 wherein a portion of the structure 
is in the form of a barrier provided with the opening. 

8. A system for irradiating a breast of a patient, comprising: 
a radiation source for generating a radiation beam; and 
a structure adapted to be fixedly positioned during irradia 

tion to Supportapatient storso in a slant plane relative to 
a horizontal plane during irradiation; 

said structure being provided with an opening defining a 
slant opening plane, and adapted to allow a breast of the 
patient passing through to be exposed to at least a portion 
of the radiation beam. 
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9. The system of claim 8, wherein said opening has a first 

portion adapted to allow a breast passing through, and a 
second portion adapted to allow tissue between the breast and 
an armpit passing through to be exposed to at least a portion 
of the radiation beam. 

10. The system of claim 9 wherein said opening further 
comprising a third portion adapted to allow an arm passing 
through, and the second portion connecting the first and third 
portions. 

11. The system of claim 8 wherein the structure is adapted 
to support a patient in a forward-leaning position. 

12. The system of claim 8 further comprising a detector 
spaced apart from the radiation Source. 

13. The system of claim 8 which is adapted to radiation 
therapy and/or diagnostic imaging. 

14. A method comprising the steps of: 
providing a system comprising a radiation Source, and a 

structure near the radiation source, said structure being 
adapted to be fixedly positioned during irradiation, and 
being provided with an opening adapted to allow a por 
tion of a body passing therethrough; 

positioning the body in a slant position relative to a hori 
Zontal plane to allow the portion of the body passing 
through the opening; and 

delivering at least a portion of a radiation beam generated 
by the radiation source to the portion of the body. 

15. The method of claim 14 which is adapted to radiation 
therapy and/or diagnostic imaging. 

16. The method of claim 14 wherein said body portion is a 
patient’s breast. 

17. A radiation system comprising: 
a radiation source; 
a structure near the radiation Source, said structure being 

provided with an opening, said opening having a first 
generally round portion adapted to allow a breast of a 
patient passing through and a second elongate portion 
adapted to allow tissue between the breast and an arm pit 
of the patient passing through to be exposed to at least a 
portion of a radiation beam generated by the radiation 
Source, said second portion extending from said first 
portion. 

18. The radiation system of claim 17 which is adapted to 
radiation therapy and/or diagnostic imaging. 

19. A method comprising the steps of: 
providing a system comprising a radiation Source, and a 

structure near the radiation source, said structure being 
provided with an opening having a first generally round 
portion adapted to allow a breast passing through and a 
second elongate portion adapted to allow tissue between 
the breast and an arm pit of a patient passing through, 
said second portion extending from said first portion; 

exposing the breast and the tissue through said opening 
portions; and 

delivering at least a portion of a radiation beam generated 
by the radiation source to the breast and/or the tissue. 

20. The method of claim 19 which is adapted to radiation 
therapy and/or diagnostic imaging. 


